Background: In response to a rising shortage of general practitioners (GPs), physicians in general internal medicine (GIM) have become part of the German primary care physician workforce. Previous studies have shown substantial differences in practice patterns between both specialties. The aim of this study was to analyse and compare the application of procedures by German GPs and GIM physicians based on routine data. Methods: The Association of Statutory Health Insurance Physicians in the federal state Schleswig-Holstein (Northern Germany) provided invoicing data of the first quarters of 2013 and 2015. Differences between GPs and GIM physicians in the implementation rate of 46 selected primary care procedures were examined by means of the Pearson χ
population visited a primary care physician at least once [13] . The distribution of physicians is regulated and allocated by the Association of Statutory Health Insurance Physicians (ASHIP), which is responsible for the accreditation process to maintain a sufficient and high-quality supply of physicians [14] .
Whereas the international definition of primary care physicians includes paediatricians, the definition by the German ASHIP does not, so that the primary care physician workforce in Germany only consists of GPs and GIM physicians. By law, GPs are preferred in the accreditation process [15] . However, the declining number of GPs in the last decade has resulted in local shortages, especially in rural areas [16, 17] . In response to the rising shortage of GPs, a rise in the quota of GIM physicians providing primary care can be observed [18] .
A previous study using self-assessment of GPs and GIM physicians [19] showed differences in the application of medical procedures and suggested implications for the quality and safety of primary care provision in Germany. In general, the use of survey data based on self-assessment can be problematic because of selection or response biases [20] . Influences on self-assessment such as gender, age, emotional status and recall bias have been described [21] [22] [23] [24] . Moreover, studies based on survey data are prone to selection bias [25] . In contrast, routine data present a reliable source of information that avoid selection or recall bias [26, 27] . Findings of studies based on survey data can be crosschecked by analysing routine data.
The aim of this study was to analyse and compare, based on routine data, the application of procedures by German GPs and GIM physicians. The results may subsequently allow to deduce measures to promote an effective and efficient re-allocation of primary healthcare resources.
Methods
This study is based on the analysis of routine data from the ASHIP of the federal state Schleswig-Holstein located in Northern Germany. The concentration on a specific federal state of Germany allows to reduce practice variations based on regional differences and state-specific regulations [28] .
Data selection
Based on a previously consented questionnaire comprising relevant procedures in German primary care [19, 25] the research team checked the doctor's fee scale 2015 [29] for codes addressing procedures or at least comprising procedures of the questionnaire. Both the routine data provided by the ASHIP and the data collected by the questionnaire refer to the first three months of the years 2013 and 2015 respectively. Data included the number of all billed codes of the doctor's fee scale by all GPs and GIM physicians in the federal state of Schleswig-Holstein. The analysis concentrated on codes reflecting services with high relevance in primary care [30] [31] [32] [33] . Procedures were defined as discrete, diagnostic or therapeutic activities requiring knowledge and manual skills, performed on patients following the definition of Sylvester et al. [31] . Out of 90 possible physicians' procedures listed in the initial questionnaire [19, 25] , 46 were identified that could be employed by both GPs and GIM physicians. Table 1 shows the codes for services and whether the respective procedure is part of the training curriculum of the respective specialty.
Statistical analysis
Differences in the application of a specific procedure by GPs and GIM physicians as well as differences between the two study periods were analysed by means of the Pearson χ 2 -test. All tests of significance were two-tailed and were corrected using the Bonferroni method to counteract the problem of multiple comparisons [34] . A p-value < 0.05 was considered as statistically significant. Statistical analyses were performed with MATLAB software, version 9.4 (R2018a) (The MathWorks, Natick, MA, USA).
Results
In the first quarter of 2013, 1228 GPs and 447 GIM physicians provided services in Schleswig-Holstein. In 2015, the number of GPs remained unchanged (1227), while the number of GIM physicians had increased to 484. There are no substantial differences between the number of distinct fee scale codes submitted by GPs and GIM physicians. For both specialities the overall number of services invoiced and the physicians' average of services invoiced have increased over the time frame by 37.7% and 27.2%, respectively. The percentages of the total number of codes reflecting the selected procedures are relatively small and have declined slightly over the study period (2015: 2% (GP) and 2.7% (GIM)). Table 2 shows the number of physicians, the number of distinct service codes, the total number of codes invoiced and other statistics for both years and specialties.
There are several significant differences between GIM physicians and GPs with regard to the application of specific procedures. Of note are the higher GP figures for health screening services, especially adolescent health examination and well-child visits. The number of minor surgery procedures performed by GPs is also significantly higher. These include primary and secondary wound healing, excisions, treatment of ingrown toenails and phlebotomy. Procedures performed to a higher extent by GMI physicians are in general based on more technical approaches, i.e. services using ultrasound diagnostics or an electrocardiogram (ECG). Another service that is significantly more frequently performed by GIM physicians than GPs is the long-term blood pressure measurement. In general, the treatment patterns of both specialties did not vary much over the time frame. Cardiac stress testing was the only procedure by GPs that saw an increase in the study period. The proportions of GPs and GIM physicians performing a specific procedure in the study periods of 2013 and 2015 are shown in Tables 3 and 4 with the respective p-values for group differences. For ease of illustration, procedures which were applied by less than 1% of physicians are not shown.
Discussion
The comprehensiveness of general practice in the provision of primary healthcare [35] and its coordinating role in referring patients across the individual healthcare sectors [36, 37] determine the strength of primary care, since both factors have positive effects on health outcomes, equality and overall efficiency in healthcare systems [38] [39] [40] [41] [42] [43] . Therefore, GPs traditionally received training focusing on treating the whole person through all stages of life [44] . The curriculum of GPs in Schleswig-Holstein includes working in primary care, i.e. private practices for at least 24 months. In contrast, the training of internal medicine physicians happens entirely in the hospital setting [45] . We analysed differences in patterns of procedures performed by German GPs and GMI physicians based on routine data collected by ASHIP for the federal state of Schleswig-Holstein over two distinct time periods in 2013 and 2015. In total, 1227 GPs and 484 GIM physicians were looked at in 2015. This cohort represented about 3.5% of all GPs and GIM physicians practising in Germany in 2015 [18] . The ratio of codes billed per specialty (GPs: 72% (73%) and GIM physicians: 28% (27%) in 2015 (2013)) are nearly identical for both specialties and years to the respective nation-wide proportions of cases treated and codes billed in primary care [46, 47] . Furthermore, the differences over the time frame underline the rising significance of GIM physicians in the provision of primary care in Germany.
The results show substantial differences between GPs and GIM physicians in the application rates of most of the identified procedures. In general, procedures with higher application rates by GPs tend to be more advisory and concern the prevention of health problems. In contrast, procedures with higher application rates by GMI physicians are to a greater extent technically orientated. These results are consistent with findings of previous studies [7, 12, 19] .
In 2015, for example, more than 25% of GPs performed health visits for adolescents. In contrast, less than 10% of GIM physicians performed this procedure. Well-child visits show similar differences. These figures reflect a wider range in the age of patients treated by GPs compared to GIM physicians. Health services for children are also provided by paediatricians [48] . In German rural areas, however, a shortage of paediatricians leads to children's healthcare services being delivered by GPs or GIM physicians [49] . Moreover, rural areas are particularly affected by the declining number of GPs. Therefore, GIM physicians stand a higher chance of accreditation in rural areas to counteract the shortage of GPs. Our results suggest that GMI physicians practising in rural areas need to get involved in children's and adolescents' healthcare services in order to safeguard a high quality of service provision.
Some of the procedures dealing with health screening of adults have also significantly higher application shares for GPs. This is in line with findings of previous studies, that GPs place more emphasis on preventive services [7, 12] . Recent studies highlight the positive effects of preventive care on the reduction of hospital admissions and emergency department visits [50] [51] [52] . In Germany, the increasing number of non-urgent emergency department visits has resulted in overstretched emergency facilities with negative effects on quality and effectiveness of the emergency care provision [53] [54] [55] . Especially in rural areas with relatively high proportions of elderly people [56] and limited public transport to gain access to primary healthcare provision [57] emergency departments tend to compensate for the lack of primary care physicians [58, 59] . This study found that a significantly smaller percentage of GIM physicians provided preventive services. Therefore, an increase in the overall number of GIM physicians is likely to result in a decrease in the provision of preventive services. This points to a need for the inclusion of preventive medicine in the curriculum for the future training of GIM physicians and postgraduate training for GIM physicians, especially for those practising in rural areas. Most of the procedures involving minor surgery show significantly higher application rates for GPs. Minor surgery is largely part of the vocational training scheme of GPs as opposed to the training of GIM physicians [45] . Advantages of providing minor surgery in a primary care setting include improved access to surgical care for patients, reduced waiting times and improved patient satisfaction [60] . Although evidence about the quality and cost effectiveness is mixed [61] , there are international studies that suggest lower referral rates to secondary care if minor surgery procedures had been performed by GPs [62] . Furthermore, only small differences have been observed between the quality of minor surgery procedures carried out in primary and secondary care setting. In any case, patient satisfaction for minor surgery procedures performed in primary care has been higher [63] . The data show a slightly but insignificant increase over time of GIM physicians offering minor surgery procedures, resulting in a narrowing of the gap between both specialties. However, in order to boost this development, a reassessment of GIM physicians' vocational training programmes should focus on minor surgical procedures.
Similar to previous findings [7, 12, 64] a more technical orientation of GIM physicians was observed in this study. Moreover, GIM physicians had significantly higher shares for procedures that, in Germany, are close to the specialty of internal medicine, e.g. ultrasound diagnostics, cardiac stress testing and 24-h blood pressure monitoring. This is not surprising due to the exclusive emphasis on internal medicine in the GIM physicians' training. A previous study showed that German GPs practising in rural areas perform a larger number of distinct procedures compared with GPs in urban areas [25] , indicating that they may offset a lack of specialists. This is in line with the findings of Starfield et al. [11] that patients in the US who have a GP as their primary care physician see fewer specialists. The ability to perform a wider range of specialist procedures should be trained for both GPs and GIM physicians, especially for those who practise in rural areas.
In summary, our results suggest substantial differences in the application of procedures between GPs and GIM physicians with potential consequences for primary healthcare provision in general. Most of the differences correlate with differences in the training programmes. As only about 30% of the consultations in primary care practice relate to internal medicine [65] , the findings could foster a discussion about training needs for procedures in primary care to ensure its comprehensiveness. The results reflect scope for changes in vocational training in the future. On the other hand, GIM physicians have the opportunity to train their procedural skills, e.g. by attending the educational seminars accompanying the post-graduate training for GPs. These seminars have been defined by the German College of General Practice and Family Physicians (DEGAM) as a core element to improve trainees' specific knowledge and competencies [66] . From the beginning, the trainees attend training courses preparing for the specific requirements of independent medical work, especially in rural regions.
Beyond training, economic incentives may also reduce the differences in the application of procedures between GPs and GIM physicians. In general, the use of financial incentives is considered to control the physician's behaviour [67, 68] . Improving the billing options and financial rewards for specific procedures (e.g. preventive care or minor surgeries) might encourage primary care physicians to perform these procedures more often. The explicit effect of changes in the reimbursement on the application of procedures is an interesting issue for future research.
Strengths and limitations
The study highlights the difference in services provided by GPs and GIM physicians and provides suggestions about emphases for residency trainings and future efforts for an effective and efficient re-allocation of primary healthcare.
The study has strengths as well as limitations. A strength of this study is that it relies on routine data collected for all GPs and GIM physicians in a specific region of Germany. There are no issues related to any selection or response bias, as might be the case when survey data are used [20] . Social desirability bias might play a particular role when surveying physicians about their services. On the one hand, focusing on the federal state of Schleswig-Holstein constrains the representativeness of the findings, on the other hand, this reduces practice variations based on regional differences and state-specific regulations [28] . Furthermore, this study shows only unconditional differences between both specialties. The age, gender, experience and regional characteristics of the physician may also determine the probability of specific services being provided [25] . Moreover, we cannot control for the patient mix. Unfortunately, for Germany there is no evidence available about the differences in the patient mix between GPs and GIM physicians. In Germany, patients can freely choose their doctor. Although an increasing use of physician-rating websites can be observed [69, 70] most patients consult the nearest primary care physician [66] . For example, in the US, only half of the primary care patients know whether their doctor has been trained as a GP or GIM physician [67] . Therefore, we conclude that the specialty of the primary care physician does not have a strong effect on the patient's physician choice in Germany either. Moreover, the study considered differences between the percentages of physicians performing a specific procedure even when only performed once. This measure will be relatively robust against moderate differences in the patient mix. However, future studies analysing practice style patterns of GIM physicians and GPs should be based on a country-wide dataset and take into account regional and personal characteristics, as well as patient mix information.
Another limitation is that most of the procedures applied by GIM physicians and GPs are not directly represented by the schedule of service codes. This has resulted in a limited number of procedures that were analysed. Moreover, opportunistic practices to increase the reimbursement might lead to billing of services that are not actually performed. Another limitation is given by potential differences between GPs and GIM physicians in their knowledge about how to bill specific procedures. Since GIM physicians do not necessarily need to pass through training in private practices, they may have different awareness or prioritisation in regard to billing. However, in comparison with the use of survey data about procedures applied and the related problems mentioned above, these issues may be negligible.
A further limitation is that the ASHIP is in charge only for the reimbursement of services that are provided to patients within the statutory health insurance system. Services provided to privately insured patients are not covered by the underlying dataset. There are large differences between the service provision for privately and statutorily insured patients [71] . Since the dataset covers 85% of the population of Schleswig-Holstein [72] , this is regarded as a minor limitation. However, the effect of the health insurance status on service provision may represent an interesting topic for future research.
Conclusion
This study shows substantial differences in the application of procedures between GPs and GIM physicians with potential consequences for the overall primary healthcare provision. Most of the differences are explainable with differences in the training programmes between both specialties. These findings could foster a discussion that primary care physicians should uniformly master relevant procedures in primary care and reflect scope for changes in vocational training in the future. 
